INTRODUCTION
Jugular venous pulse (JVP) examination dates back to more than a century ago [Mackenzie(1902) , Mackay(1947) , Applefeld(1990) , Kalmanson et al. (1972) ], but only recently it has been shown that the trace of the JVP can be obtained by means of an ultrasound scanner (US) equipped with a commercial linear probe. , Sahani et al.(2015) ] The method proposed needs a video clip of a few seconds obtained from the transverse scan of the neck, where the internal jugular vein (IJV) is clearly visible. ] The cross sectional area of the IJV (CSA) is measured on each picture (sonogram) of the video clip. The sequence of measurements (data sets) is the CSA trace. Moreover, in the same studies, it was shown that acquiring the video clip of the IJV simultaneously to the ECG trace, allows to identify relationship between the two ECG and JVP traces (see Fig. 1 ). The non-invasive techniques used up to now, are based on the use of a microphone or a motion sensor and produce a trace which qualitatively represents the pressure in the IJV. [Pyhel(1978) , Applefeld(1990) , Mackenzie(1902 ), Mackay(1947 , Kalmanson et al. (1972) ] This new technique is different from those used previously in that the JVP is the instantaneous value of the CSA of the IJV. The US technique for the JVP represents an improvement from qualitative to quantitative JVP. The importance of having a quantitative JVP trace had already emerged in the past when a calibrated JVP has been used. [Pyhel(1978) ] This new technique goes beyond the limit of calibration because it makes it possible to extrapolate the numeric parameters from the JVP that can be used for the clinical evaluation inter and intra-patient. This is a methodology-note that describes the innovative methods developed by the author to obtain quantitative parameters obtained by the JVP with ultrasound technique. The results reported here are only illustrative and are not produced by a dedicated experiment.
Over the past 30 years, several algorithms for the automatic detection of structures P, QRS and T in ECG, have been developed [Kohler(2002) ]. However, these can also be analysed manually. In this work, the video clip of the IJV was analyzed frame by frame to find the sonograms in which the cursor of the ECG was at on of the events P, R or T (see Fig.  1 ). The time instants relating to each event were defined t P i , t R i and t T i , where i indicates the i-th cardiac cycle between those traces.
JVP quantitative evaluation
The waves a, c, x, v and y and the intervals ∆a and ∆v are the parameters that characterize the JVP (see Fig. 2 ). In this paper, these parameters are defined in terms of the values assumed by the CSA during the cardiac cycle. The values of the CSA of the IJV in correspondence of the waves a, c, x, v and y, during the i-th cycle are indicated by the parameters a i , c i , x i , v i and y i . These parameters are detected on the JVP trace by means of an algorithm based on the following definitions: a 1 = max(CSA(t)) : 0 < t < Tc a i = max(CSA(t)) : ty i−1 + ∆tya − γTc < ta i < ty i−1 + ∆tya + γTc c i = max(CSA(t)) : ta i + ∆tac − γTc < t < ta i + ∆tac + γTc x i = min(CSA(t)) : ta i + ∆tax − γTc < t < ta i + ∆tax + γTc v i = max(CSA(t)) : tx i + ∆txv − γTc < t < tx i + ∆tcx + γTc y i = min(CSA(t)) : tv i + ∆tvy − γTc < t < tv i + ∆tvy + γTc The parameter γ ranges between 0 and 1 (typically 0.05) and serves to take account of heart rate variation (HRV) during acquisition. The ta i−1 is the instant corresponding to the wave a during the (i − 1)-th cycle, the parameters tx i and tv i are defined similarly. The parameters ∆tac, ∆tax, ∆txv and ∆tvy represent the time interval between the waves a and c , c and x, x and v, v and y, respectively (see Fig. 2 ) and are measured by an operator over a selected cardiac cycle. The detection algorithm takes into account their possible modification during susequent cycles, by means of the parameter γ (see Eq. (1)). Once identified the waves a i , c i , x i , v i e y i on each cardiac cycle, the intervals ∆tax i and ∆tvy i are calculated for each cardiac cycle. The parameters defined in Eq. 1 are used to define the two quantities
The average and the standard deviation for e each parameter a i , v i , ∆a i , ∆v i , ∆tax i and ∆tvy i are calculated over several cardiac cycle.
An illustrative JVP trace is presented in Fig.3 where the waves a, c, x, v and y are visible. The parameters a i , x i , v i and y i for each cardiac cycle i were identified by the algorithm. However, about 10 % of the points are normally not properly detected by the algorithm, while it was possible to identify them manually (see Fig. 4 ). The parameters ∆a i , ∆v i , ∆tax i and ∆tvy i were calculated as in Eq. (2), The mean values and standard deviations of the parameters are presented in Table 1 .
JVP and ECG time relationship
The time interval between the wave a and the events P and R and the wave x and the event T are calculated for each cardiac cycle. These intervals are defined as: ∆t aR ∆t xT ∆t aP (s) (s) (s) 0,03± 0,02 0,12± 0,06 0.14 ± 0.05
Figure 2: The figure shows an illustrative JVP trace during a cardiac cycle together with the ECG trace. The five waves "a", "c", "x", "v" and "y" of the JVP and the events P, R and T of the ECG are indicated.
The average and the standard deviation of these three parameters is calculated. The mean values and standard deviations of the parameters ∆t aR , ∆t xT and ∆t aP are presented in Table  2 . 
